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ABSTRACT: 

PROBLEM TO BE SOLVED: To enhance positioning accuracy for a head of a rotary 
disk-type information storing apparatus and increase a recording density, by 
providing a fine movement positioning actuator which can be formed in the same 
method as semiconductor elements, requires a low drive voltage and generates no 
vibrations to a movement of a head-supporting member. 

SOLUTION: A fine movement actuator is formed with the use of a silicon 
substrate, which comprises a fixed member 1 10, a movable member 120, elastic 
springs 130, 1 32 of large spring constants in a direction of a movement of a 
load arm, and an elastic spring 131 of a small spring constant in the 
direction, with coils 150, 151 on the fixed member and a soft magnetic film 160 
on the movable member. The actuator is held between the load arm 200 and a 
slider 270, so that the slider is moved to correct an error in positioning of a 
voice coil motor 182, thereby to position a head. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of rotation disk mold information storage 

devices including a magnetic disk drive, and an actuator. 

[0002] 

[Description of the Prior Art] Generally, in rotation disk mold information storage devices including a magnetic disk 
drive, it has the actuator for positioning informational writing, the heads which perform read-out, and these heads on 
the rotation disk with which information is memorized, and this disk at the position on a rotation disk. 
[0003] The structure in the case of a magnetic disk drive is shown in drawing 19 as an example, the magnetic disk 220 
which formed the magnetic film in the front face as a rotation disk ~ as a head « electromagnetism ~ it has the voice 
coil motor 182 which consists of a permanent magnet 180 and a coil 181 considering the magnetic head which consists 
of a sensing element as (it does not indicate to drawing 19 ), and an actuator. The magnetic head is attached in the 
slider 270 which has the function to make the magnetic head float on a magnetic disk, further, it is fixed to the gimbal 
plate 210 formed in the load arm 200 which has the function which supports a slider, and a slider 270 is supported. It is 
fixed to the pivot shaft 190, and the load arm 200 is held so that it can rotate to the base plate 240. Between the pivot 
shaft 190 and the base plate 240, bearing 250 is pinched so that the pivot shaft 190 can rotate easily to the base plate 
240. A spacer 260 is fixed so that two or more fixed load arms may not collide with the pivot shaft 190 mutually, and 
the coil 181 is attached in the place which counters the load arm 200 of a spacer 260 further. If a current is passed in a 
coil 181, a coil will receive electromagnetic force from the permanent magnet 180 fixed to the base plate 240 so that 
this coil may be inserted, and will rotate centering on the pivot shaft 190. The load arm 200 also rotates centering on 
the pivot shaft 190 in rotation of this coil, and actuation which positions the magnetic head attached in the position of a 
magnetic disk 220 at the slider 270 is performed. Usually, an outer diameter is 3.5. In the magnetic disk drive using the 
magnetic disk below an inch, the DC power supply not more than electrical -potential-difference 12V are used as a 
drive power source used for the positioning actuation explained here. 

[0004] It is there being a strong demand to a raise in recording density, and one approach for realizing this reducing the 
locational error of the head for write-in read-out to a rotation disk to such a rotation disk mold information storage 
device, and attaining highly precise positioning actuation. In the magnetic disk drive stated by drawing 19 , although 
positioning actuation of the magnetic head to a magnetic-disk side is performed by the voice coil motor 182, there is a 
limitation in improvement in the positioning accuracy in this approach. How to carry the actuator for tuning the 
location of the magnetic head finely in the location near the magnetic head as one approach for performing highly 
precise positioning actuation can be considered. 

[0005] Drawing 18 shows the structure of the actuator for location fine tuning of the magnetic head indicated by JP,62- 
250570,A. The cantilever which becomes the slider 270 which has the function to make the magnetic head 300 float 
from a part of piezo electric crystal 290 and 291,292,293,294 which use the oxide (PZT) of lead, a zirconium, and 
titanium as a principal component, and by which the laminating was carried out, and slider is formed, and the magnetic 
head 300 is attached in the point of free one end of this beam. The electrodes 312, 313, and 3 14,3 15,3 16,3 17 for 
impressing an electrical potential difference to a piezo electric crystal are formed in the both ends of each piezo electric 
crystal, an electrode 3 12,3 14,3 16 is connected to an electrode 3 10 and the electrode 3 13,3 15,3 17 is connected to the 
electrode 3 1 1 . By impressing an electrical potential difference to electrodes 310 and 311, each piezo electric crystal 
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expands and contracts, the cantilever which consists of a part of piezo electric crystal and slider by it bends, and the 
location of the magnetic head can be moved in the perpendicular direction to a cantilever. That is, this cantilever has 
the function of an actuator. Although the actuator shown in drawing 18 is for positioning the magnetic head with high 
precision in the perpendicular direction to the movement direction of a load arm, by changing a part of sense of the 
piezo electric crystal which constitutes a cantilever, and a slider, it can also make now the relative motion of the 
magnetic head carry out in the parallel direction to the movement direction of a load arm, and it becomes possible 
[ tuning a location finely to the magnetic head ] so that the error of positioning by the voice coil motor may be 
amended. 
[0006] 

[Problem(s) to be Solved by the Invention] Thus, although it is possible to raise the positioning accuracy of the 
magnetic head by using a piezo electric crystal and the cantilever type actuator constituted from a part of slider, there 
are three technical problems that it explains below in this actuator. 

[0007] It is the technical problem in the first place that driver voltage is high. In order to obtain the variation rate of 1 
micrometer in the case of the cantilever type actuator using a piezo electric crystal, the high voltage of 100V is needed 
from several 10V. However, as already stated, it is an outer diameter 3.5. In the magnetic disk drive using the magnetic 
disk below an inch, in order to amend the about 1 -micrometer locational error produced by the positioning device by 
the voice coil motor the way things stand since the voice coil motor for positioning is driven using the DC power 
supply whose maximum electrical potential difference is 12V, the power source for high voltages must be prepared 
independently. This becomes a big problem to a miniaturization and low-pricing of a magnetic disk drive. 
[0008] In case positioning by the load arm is performed to the second, it is the technical problem that the magnetic head 
vibrates. Since it is the tip of free one end of a cantilever type actuator that the magnetic head is attached, when a load 
arm moves by the positioning actuation by the voice coil motor with acceleration, the force of the sense parallel to the 
movement direction of a load arm works at the tip of a cantilever, and the magnetic head vibrates according to the 
force. Since that vibration is subsided takes time amount, time amount required in order to position the magnetic head 
with high precision to a position will become long relatively. This becomes a big problem to improvement in the speed 
of the information drawing speed of a magnetic disk drive, or an information read-out rate. 

[0009] Since two or more piezo electric crystals and electrodes must be fixed [ third ] to a part of several mm slider 
from die length of 1mm, it is the technical problem that processing is very difficult. On the surface of a slider, since the 
actuator shown by drawing 18 is not processible, it is necessary to fix it to the part of the shape of a beam which 
formed first the member which consists of two or more minute piezo electric crystals and electrodes 1mm or less, and 
formed the member in the slider further at the process of carrying out the laminating of a piezoelectric film or the 
electrode layer, one by one. Such processing is farther [ than the process of carrying out the laminating of the film on 
the substrate used by a semiconductor device etc. ] complicated, and is processing which is not fit for mass production 
method. This poses a big problem [ raising the productive efficiency of an actuator ]. 

[0010] The purpose of this invention has low driver voltage, and it is small and it is in the thing which can realize high 
recording density cheaply and for which rotation disk mold information storage devices including the magnetic disk 
drive in which high-speed read-out/writing is possible are offered by there being no vibration of the head 
accompanying movement of the supporter material which supports the head read-out / for writing, and offering the 
actuator for high-precision positioning which can be manufactured at the production process of a semiconductor device, 
and the almost same process, and using the actuator of this invention further. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the rotation disk mold information 
storage device of this invention is equipped with the following means. 

[0012] (1) Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which information is memorized, The slider which said magnetic head is attached [ slider ] and 
makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on a magnetic disk It has the second 
actuator to which relative motion of said slider and said slider with which said magnetic head was attached to said load 
arm between said load arms is carried out. Said second actuator so that said moving-part material can motion relatively 
to the holddown member which has two or more electromagnets which consist of a coil and York, the moving-part 
material which has the soft magnetism film, and said holddown member It consists of three elastic springs which 
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support said moving-part material, and is made for at least one elastic spring to have the property in which the parallel 
spring constant is larger than a vertical spring constant, to the movement direction of said load arm among said three 
elastic springs. 

[0013] (2) Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which information is memorized, The slider which said magnetic head is attached [ slider ] and 
makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on a magnetic disk It has the second 
actuator to which relative motion of said slider and said slider with which said magnetic head was attached to said load 
arm between said load arms is carried out. Said second actuator so that said moving-part material can motion relatively 
to the holddown member which has two or more electromagnets which consist of a coil and York, the moving-part 
material which has the soft magnetism film, and said holddown member It consists of four pieces or four elastic springs 
or more which support said moving-part material. The inside of four pieces or said four elastic springs or more, It is 
made for two or more elastic springs to have the property in which the parallel spring constant is larger than a vertical 
spring constant, to the movement direction of said load arm. 

[0014] (3) Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which information is memorized, The slider which said magnetic head is attached [ slider ] and 
makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on a magnetic disk It has the second 
actuator to which relative motion of said slider and said slider with which said magnetic head was attached to said load 
arm between said load arms is carried out. It is made for that said moving-part material can motion relatively to the 
holddown member which has two or more electromagnets which consist of a coil and York, the moving-part material 
which has the soft magnetism film, and said holddown member to consist as of the one ****** device section which 
supports said moving-part material as for said second actuator. 

[0015] (4) Informational writing, the head which performs read-out, and the rotation disk with which information is 
memorized, In the rotation disk mold information storage device which has the supporter material which supports said 
head, and the first actuator for moving said supporter material to the position on a rotation disk It has the second 
actuator to which relative motion of said head is carried out to said supporter material between said heads and said 
supporter material, and is made for said second actuator to have the property of a publication in (1), (2), or (3). 
[0016] In (5) and (1) to (3), said holddown member which said second actuator has has said two or more coils, and the 
electrode of this coil is electrically connected with the electrode arranged on said load arm with the detailed wire. 
[0017] In (6), (1), (2), or (3), said holddown member which said second actuator has has said two or more coils, and the 
electrode of this coil is electrically connected with the electrode arranged on said load arm with low melting point 
metallic compounds. 

[0018] In (7), (1), (2), (3), or (4), said holddown member which said second actuator has, said moving-part material, 
said elastic spring, and said ****** device section are made to use the compound of silicon, silicon oxide, stainless 
steel, nickel, and iron and nickel, and the ingredient of either of copper as a principal component. 
[0019] The process in which the manufacture approach of said second actuator forms the silicon oxide film on the 
surface of silicon in (8), (1), (2), (3), or (4), The process which forms the electrode layer which consists of copper or 
aluminum, and the process which forms the insulator layer which consists of polyimide, a photoresist, a metallic oxide, 
or metal nitriding **** j It is made to consist of a process which forms the soft magnetism film which consists of a 
compound of iron or iron, and nickel, and a process which processes silicon and silicon oxide by etching. 
[0020] The process into which the manufacture approach of said second actuator grows up the compound of copper, 
nickel, stainless steel or iron, and nickel with plating in (9), (1), (2), (3), or (4), It is made to consist of the process 
which forms the insulator layer which consists of polyimide, a photoresist, a metallic oxide, or metal nitriding ****, a 
process which forms the electrode layer which consists of copper or aluminum, and a process which forms the soft 
magnetism film which consists of a compound of iron or iron, and nickel. 

[0021] In (10), (1), (2), (3), or (4) the manufacture approach of said second actuator The process which processes the 
foil which consists of a compound of copper, nickel, stainless steel or iron, and nickel with etching or a press, It is 
made to consist of the process which forms the insulator layer which consists of polyimide, a photoresist, a metallic 
oxide, or metal nitriding ****, a process which forms the electrode layer which consists of copper or aluminum, and a 
process which forms the soft magnetism film which consists of a compound of iron or iron, and nickel. 
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[0022] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained using a drawing. 
[0023] Drawing 1 is the plan showing the structure of the jogging actuator for high precision positioning of the 
magnetic head carried in the magnetic disk drive which is the first example of this invention. This actuator consists of 
three elastic springs 130,131,132 which support moving-part material so that a holddown member 1 10, the moving-part 
material 120, and the moving-part material 120 can motion relatively to a holddown member 1 10. This jogging actuator 
fixes and uses for a load arm, the elastic spring shown by 130 and 132 among the three above-mentioned elastic springs 
has the structure where of the spring constant of an parallel direction is larger than the spring constant of a 
perpendicular direction, to the movement direction of a load arm so that it may explain later, and the elastic spring 
conversely shown by 13 1 has the structure where of the spring constant of a perpendicular direction is smaller, from the 
spring constant of an parallel direction. All of a holddown member, moving-part material, and three elastic springs are 
formed by processing the silicon which has silicon oxide on a top face using an etching technique. The approach of 
processing silicon oxide by the dry etching method from the top face in which silicon oxide is formed first, using as a 
mask the silicon oxide which it left on the substrate next, and processing silicon by the dry etching method is used for 
the approach of etching. In order to shorten floor to floor time, finally silicon may be processed by wet etching from the 
rear face of a silicon substrate. The detail of processing is explained in detail later using drawing 2 and drawing 3 . The 
coil 1 50, 1 5 1 of the structure which carried out the laminating of York 140, 14 1 and copper which consist of an alloy of 
iron and nickel, and the polyimide, and the drawer electrode 170,171,172,173 which consists of copper are formed in 
the top face of a holddown member 110. Although York and a drawer electrode are formed on the holddown member 
using plating, they may not necessarily be plating and may be formed with a spatter or a vacuum deposition method. 
The soft magnetism film 160 which consists of an alloy of iron and nickel is formed in the top face of the moving-part 
material 120. Although this soft magnetism film is also formed on moving-part material using plating, you may not 
necessarily be plating and may form with a spatter or a vacuum deposition method. 

[0024] Next, the principle of operation of this actuator is explained. For example, if it energizes among the electrodes 
170 and 171 on a holddown member 1 10, a current will flow in a coil 150 and magnetic flux will occur in York 140. 
the electromagnetism which turned [ film / 160 / on the moving-part material 120 / soft magnetism ] to York 140 by 
this magnetic flux a suction force works and moving-part material moves to the direction in which York 140 of a 
holddown member is formed slightly with this attraction. On the contrary, if it energizes among electrodes 172 and 
173, a current will flow in a coil 151 and magnetic flux will occur in York 141. the electromagnetism which turned 
[ film / 160 / soft magnetism ] to York 141 by this magnetic flux -- a suction force works and moving-part material 
moves to the direction in which York 141 of a holddown member is formed slightly with this attraction. Since the 
movement magnitude to the holddown member of the moving-part material at this time is an amount mostly decided by 
the number of turns of a coil, the current value energized in a coil, and the spring constant of three elastic springs which 
support moving-part material, it becomes possible only for a predetermined distance to move moving-part material of it 
to a holddown member by making into a predetermined value the current value energized in a coil. 
[0025] Drawing 2 is the sectional view showing A cross section of the jogging actuator for high precision positioning 
of the magnetic head shown by drawing 1 . The holddown member 1 10 which constitutes this actuator, the moving-part 
material 120, and the elastic spring 130,131,132 are formed in the top face from the silicon substrate 1 101 which has 
silicon oxide 1 102, as already stated. 

[0026] The formation approach of this actuator is explained using drawing 2 . Although it is about the processing 
approach of the holddown member which constitutes this actuator first, moving-part material, and an elastic spring, 
how dry etching removes the silicon oxide of between a holddown member and moving-part material or the garbage of 
an elastic spring from a top face, the silicon oxide which the degree was left behind is used as a mask, and dry etching 
removes the silicon of between a holddown member and moving-part material or the garbage of an elastic spring from 
a top face is used. By this approach, the space between the holddown member 110 shown in drawing 2 and the moving- 
part material 120 is formed, and moving-part material is separated from a holddown member, or it becomes possible to 
form the complicated configuration of the elastic spring which connects a holddown member and moving-part material. 
Moreover, since the dry etching of silicon requires long duration, the approach of wet etching removing the perimeter 
of moving-part material for the dry etching of a silicon substrate from the rear face of a silicon substrate at once a stop 
and after that in the middle of a silicon substrate, and separating moving-part material from a holddown member is 
sufficient as it. In this case, the cross section of this actuator came to be shown in drawing 3 . The etching slot 1201 is 
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the part which removed silicon by wet etching. Although wet etching is unsuitable for fine processing as compared 
with dry etching, since the etch rate is quick, it is advantageous to processing of such a part as which precision is not 
Required. 

[0027] Components, such as a coil and an electrode, are formed after processing termination of a silicon substrate, next 
in the top face of silicon oxide. First, although it is about the formation approach of the coil 150 formed on a holddown 
member 110, this is formed by carrying out the laminating of the second layer coil electrode 1503 which consists of the 
core 1502 which consists of the first pass coil electrode 1505 which consists of copper plating film, a first pass 
interlayer insulation film 1504 which consists of polyimide, and plating film of the alloy of iron and nickel, the second 
layer interlayer insulation film 1501 which consists of polyimide, and copper plating film one by one on silicon oxide 
1 102. It connected so that a first pass electrode and the second layer electrode might enclose two interlayer insulation 
films, and the function of a coil is achieved. A coil 151 is also formed by completely carrying out the laminating of the 
first pass coil electrode 1515, the first pass interlayer insulation film 1514, a core 1512, the second layer interlayer 
insulation film 1511, and the second layer coil electrode 1513 one by one similarly on the silicon oxide 1 102 which is a 
holddown member. Next, although it is about the formation approach of an electrode 170,171,172,173, these electrodes 
are formed on the silicon oxide which is a holddown member using the copper plating film like formation and 
coincidence of a first pass coil electrode. Next, although it is York 140,141, these are formed on the silicon oxide 
which is a holddown member using the plating film which becomes coincidence from the alloy of iron and nickel, 
when forming the core of a coil. Finally, although it is the soft magnetism film 160 formed on the moving-part material 
120, this is formed like York described previously on the silicon oxide which is moving-part material using the plating 
film which becomes coincidence from the alloy of iron and nickel, when forming the core of a coil. In addition, in this 
jogging actuator, although an electrode, a core, York, and the soft magnetism film are altogether formed using plating, 
these may be formed using a spatter or a vacuum deposition method, as stated previously. Moreover, although 
polyimide is used for the interlayer insulation film used for a coil here and this is formed by the spin coat method, 
inorganic silicon oxide film, an inorganic silicon nitride film, etc. which were formed with the photoresist which is 
generally used, and which carried out the spin coat, the spatter, or the vacuum deposition method may be used. 
Moreover, although a coil, an electrode, and the soft magnetism film are formed in this example after forming a 
holddown member, moving-part material, and an elastic spring, a coil, an electrode, and the soft magnetism film may 
be formed first, and a holddown member, moving-part material, and an elastic spring may be formed afterwards. 
[0028] The plan showing the whole magnetic disk drive whose drawing 4 is the first example of this invention, and 
drawing 5 are B sectional views of the whole magnetic disk drive shown by drawing 4 . The fundamental structure of 
the magnetic disk drive of this example the magnetic disk 220 with which the information which was the same as that 
of the conventional magnetic disk drive shown by drawing 26, and formed the magnetic film in the front face is 
memorized, and the electromagnetism which performs informational read-out and informational writing » the magnetic 
head (it does not indicate to drawing 4 and drawing 5 ) which consists of a sensing element -- It consists of voice coil 
motors 182 for positioning the load arm 200 and load arm which support the slider 270 (it does not indicate to drawing 
4 ) for making the attached magnetic head float on a magnetic disk, and a slider to the position on a magnetic disk. A 
magnetic disk 220 rotates with a spindle motor 230, and it is fixed to the pivot shaft 190, and the load arm 200 is held 
so that it can rotate to the base plate 240. Between the pivot shaft 190 and the base plate 240, the bearing 250 is 
pinched so that a pivot shaft can rotate easily to a base plate. It becomes the permanent magnet 180 and pair which a 
spacer 260 is fixed so that two or more fixed load arms may not collide with the pivot shaft 190 mutually, a coil 181 is 
fixed further here, and are being fixed on the base plate 240, and the voice coil motor 182 is constituted. Although the 
structure so far is the same as the conventional magnetic disk drive, in this example, the jogging actuator 1 shown by 
drawing 1 is put between the gimbal plates 210 formed in the load arm 200 to which the slider 270 with which the 
magnetic head is attached, and the slider were being fixed conventionally. 

[0029] Drawing 6 is the plan which expanded gimbal Itabe of the load arm 200 of the magnetic disk drive of this 
example. The top face of the holddown member of the jogging actuator 1 shown by drawing 1 is fixed to the rear face 
of the gimbal plate 210 exactly formed at the tip of the load arm 200. At this time, as for the elastic spring indicated to 
be the elastic spring shown by 130 among three elastic springs which support the moving-part material of the jogging 
actuator 1 by 132, the direction of a parallel spring constant becomes higher than a vertical spring constant to the 
movement direction of a load arm, and the elastic spring shown by 13 1 fixes so that the direction of a parallel spring 
constant may become lower than a vertical spring constant to the movement direction of a load arm. A slider 270 is 
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fixed to the rear face of the moving-part material of the jogging actuator 1. The electrode 170,171,172,173 currently 
formed in the top face of the holddown member of the jogging actuator 1 is connected with the electrode 
174,175,176,177 currently formed on the load arm 200 with the detailed wire 280,281,282,283, respectively. The 
copper film which formed the insulator layer which consists of polyimide on the stainless load arm, and was formed 
with plating on it is used for the electrode 174,175,176,177 on a load arm, and, finally it is connected to the power 
source in a magnetic disk drive. The wire which connects the electrode on an actuator and the electrode on a load arm 
consists of gold or aluminum, and is stretched using commercial wirebonding equipment. 

[0030] Drawing 7 is C sectional view of the load arm point of the magnetic disk drive of this example. The jogging 
actuator shown here is the thing of a type which was explained by drawing 2 and which separated a holddown member 
1 10 and the moving-part material 120 by dry etching. The top face of the holddown member 1 10 of a jogging actuator 
is being fixed to the rear face of the gimbal plate 210 through the coils 150 and 151 formed in the top face of a 
holddown member. On the other hand, the slider 270 is being fixed to the rear face of the moving-part material 120 of a 
jogging actuator. Also when the direction of the coils 150 and 151 on the holddown member of a jogging actuator fixes 
a holddown member to a gimbal plate since height is higher than the soft magnetism film 160 on moving-part material 
as shown in this drawing, moving-part material contacts a gimbal plate and movement of moving-part material is not 
checked. Moreover, when a slider is fixed to the rear face of moving-part material, by using suitable adhesives, a slider 
will separate from the rear face of a holddown member by the thickness of an adhesives layer, a slider contacts a 
holddown member, and movement of a slider is not checked. Therefore, it becomes possible by passing a current in 
coils 150 and 151 to move the slider with which the magnetic head is attached smoothly to a load arm. 
[003 1] Next, actuation of positioning in the magnetic disk drive which is this example is explained using drawing 1 , 
drawing 4 , and drawing 6 . The magnetic head fixed to the slider 270 is positioned with a voice coil motor 182 by the 
position on a magnetic disk, floating a magnetic-disk 220 top with a slider. However, there is a limitation in the 
positioning accuracy by the voice coil motor, and an error is between a target location and an actual location. This error 
amount is detected, movement magnitude required for amendment is calculated, and the current corresponding to that 
amount of amendments is energized in the coils 150 or 151 on the jogging actuator L Since the jogging actuator 1 is 
being fixed between the gimbal plate 210 and the slider 270, the holddown member 110 of a jogging actuator is fixed 
to a gimbal plate and the moving-part material 120 is being fixed to the slider, According to die current passed in the 
coil, only a predetermined distance motions relatively to a holddown member, moving-part material moves to a load 
arm so that the magnetic head attached in the slider may amend the locational error by the voice coil motor in 
connection with it, and it is positioned in a target location. 

[0032] As drawing 6 explained, the elastic spring indicated to be the elastic spring shown by 130 among three elastic 
springs which support moving-part material by 132 has the structure where of the parallel spring constant is higher than 
a vertical spring constant, to the movement direction of a load arm, and, on the other hand, the elastic spring shown by 
131 has the structure where of the parallel spring constant is lower than a vertical spring constant, to the movement 
direction of a load arm. For this reason, even when the force is applied to the jogging actuator with which the load arm 
exercised with acceleration and was fixed at the tip of a load arm by positioning actuation, since the moving-part 
material 120 is supported in the parallel direction to the movement direction of a load arm with the elastic springs 130 
and 132 which are two with a large spring constant, it hardly vibrates. 

[0033] In addition, since the elastic spring 131 has the structure where a parallel spring constant is low and where a 
vertical spring constant is high, to the movement direction of a load arm, when the moving-part material 120 passes a 
current in coils 150 and 151, it will carry out movement near rotation to a holddown member 110. 
[0034] moreover, electromagnetism » a suction force can use the power source which will come out enough if there are 
about [ 5V ] DC power supply, and is carried in the magnetic disk drive as it is, in order to amend the about 1- 
micrometer locational error produced by the positioning device by the voice coil motor since big attraction can be 
generated also on a low electrical potential difference 

[0035] Since the magnetic disk drive of this example has the jogging actuator which can process it on a substrate like 
(1) semiconductor device at the process which carries out the laminating of the film, does not vibrate at the time of 
movement of (2) load arm, either, and can be drive by the low battery which is about (3)5V between the load arm and 
the slider, it can improve positioning accuracy easily and can realize high recording-density-ization, so that clearly 
from having state above. 

[0036] Although two of three elastic springs which constitute a jogging actuator have composition with the larger 
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spring constant of an parallel direction to the movement direction of a load arm in this example, even when only one 
has such a property, it is possible to acquire the same effectiveness. 

[0037] Drawing 8 is the plan which expanded gimbal Itabe of the load arm 201 of the magnetic disk drive which is the 
second example of this invention. In this example, the electrode 174,175,176,177 is formed in the rear face of a load 
arm, and it connects with the electrode 170,171,172,173 on the holddown member of a jogging actuator with the solder 
which is a low melting point metal, respectively. The jogging actuator used is completely the same as what was stated 
in the first example of this invention, it consists of a holddown member 110, moving-part material 120, and three 
elastic springs 130,131,132, the electrode 170,171,172,173 for energizing in a coil 150,151 and a coil is formed in the 
top face of a holddown member, and the magnetic film 160 is formed in the top face of moving-part material. The 
configuration as a magnetic disk drive is the same as that of the first example, it is fixed to the rear face of the gimbal 
plate 211 which has the top face of a holddown member 1 10 in the edge of a load arm, and the slider 270 is being fixed 
to the rear face of the moving-part material 120. 

[0038] Drawing 9 is the rear-face Fig. which expanded the gimbal part of the load arm 201 of the magnetic disk drive 
which is this example. In this example, the load arm 201 is formed with polyimide and the electrode on the rear face of 
a load arm uses the copper film formed with plating. 

[0039] Drawing 10 and drawing 1 1 are sectional views which express D cross section and E cross section of a load arm 
point of the magnetic disk drive which is this example explained by drawing 9 , respectively. As drawing 10 showed, 
the electrode 174 in the rear face of the load arm 201 and the electrode 170 on the holddown member 1 10 of the 
jogging actuator 1 are electrically connected with solder 1701. As drawing 1 1 showed, similarly, an electrode 175 and 
an electrode 171 are solder 1711, other electrodes of an electrode 176 and an electrode 172 are solder 1721, and an 
electrode 177 and an electrode 173 are electrically connected with solder 173 1, respectively. 

[0040] Since the magnetic disk drive stated by this example has the completely same effectiveness as the first example 
and does not need the electrode connection process of wirebonding further, it can realize a magnetic disk drive with 
high recording density simply beyond the first example. In addition, in this example, although the electrode on the rear 
face of a load arm and the electrode on a jogging actuator are connected with solder, this does not need to be solder, 
may use other low melting point metallic compounds, and can acquire the same effectiveness also by the approach of 
sandwiching an anisotropy electric conduction sheet, or the approach of carrying out a pressure welding mechanically. 
[0041] Drawing 12 is the plan showing the structure of the jogging actuator for high precision positioning of the 
magnetic head carried in the magnetic disk drive which is the third example of this invention. Like the jogging actuator 
used in the first example shown by drawing 1 , it consists of three elastic springs 130, 13 1,132 which support moving- 
part material so that a holddown member 1 10, the moving-part material 120, and the moving-part material 120 can 
motion relatively to a holddown member 1 10, and it is fixed at the tip of a load arm, and this jogging actuator is also 
used. The elastic spring shown by 130 and 132 among three elastic springs has the structure where the spring constant 
of an parallel direction is larger than the spring constant of a perpendicular direction, to the movement direction of a 
load arm, and the elastic spring conversely shown by 13 1 has the structure where the spring constant of a perpendicular 
direction is smaller from the spring constant of an parallel direction. All of a holddown member, moving-part material, 
and three elastic springs are the same as the jogging actuator in which it was formed in by processing the silicon which 
has silicon oxide on a top face using an etching technique, and the approach of etching was also shown by drawing 1 . 
The coil 150,151 of the structure which carried out the laminating of York 140,141 and copper which consist of an 
alloy of iron and nickel, and the polyimide, and the drawer electrode 170,171,172,173 which consists of copper are 
formed in the top face of a holddown member 1 10. Although York and a drawer electrode are formed on the holddown 
member using plating, they may not necessarily be plating and may be formed with a spatter or a vacuum deposition 
method. The soft magnetism film 160 and 161 which consists of an alloy of iron and nickel is formed in the top face of 
the moving-part material 120. Although this soft magnetism film is also formed on moving-part material using plating, 
you may not necessarily be plating and may form with a spatter or a vacuum deposition method. 
[0042] The difference in the jogging actuator shown by the jogging actuator used by this example and drawing 1 is a 
difference in arrangement of a holddown member 1 10 and the moving-part material 120. That is, in the jogging 
actuator shown by drawing 1 , it is arranged outside so that a holddown member may enclose moving-part material, but 
in this example, it is arranged outside so that moving-part material may enclose a holddown member. Therefore, if the 
soft magnetism film 160 on moving-part material can draw near to York 140, and it will energize in a coil 15 1, if it 
energizes in a coil 150 and magnetic flux occurs in York 140, and magnetic flux occurs in York 141, the soft 
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magnetism film 161 on moving-part material can draw near to York 141. Thus, moving-part material can be moved to a 
holddown member. 

[0043] Drawing 13 is a sectional view showing G cross section of the jogging actuator used by this example. All the 
methods of forming a holddown member, moving-part material, the method of processing an elastic spring and the soft 
magnetism film, an electrode, and a coil are the same as the jogging actuator used in the first example shown by 
drawing 1 . In addition, the jogging actuator used by this example has separated a holddown member and moving-part 
material by the same approach as the actuator shown by drawing 3 , and has removed the silicon of the rear face of a 
holddown member greatly by wet etching. 

[0044] Drawing 14 is the plan which expanded gimbal Itabe of the load arm 200 of the magnetic disk drive of this 
example. The top face of the holddown member of the jogging actuator 2 shown by drawing 12 is fixed to the rear face 
of the gimbal plate 210 exactly formed at the tip of the load arm 200. At this time, as for the elastic spring indicated to 
be the elastic spring shown by 130 among three elastic springs which support the moving-part material of the jogging 
actuator 2 by 132, the direction of a parallel spring constant becomes higher than a vertical spring constant to the 
movement direction of a load arm, and the elastic spring shown by 13 1 fixes so that the direction of a parallel spring 
constant may become lower than a vertical spring constant to the movement direction of a load arm. A slider 270 is 
fixed to the rear face of the moving-part material of the jogging actuator 2. The electrode 170,171,172,173 currently 
formed in the top face of the holddown member of the jogging actuator 2 is connected with the electrodes 174.175 and 
176,177 currently formed on the load arm 200 with the detailed wire 280,281,282,283, respectively. The copper film 
which formed the insulator layer which consists of polyimide on the stainless load arm, and was formed with plating on 
it is used for the electrode 174,175,176,177 on a load arm, and, finally it is connected to the power source in a magnetic 
disk drive. The wire which connects the electrode on an actuator and the electrode on a load arm consists of gold or 
aluminum, and is stretched using commercial wirebonding equipment. 

[0045] Drawing 15 is the plan showing the structure of the jogging actuator for high precision positioning of the 
magnetic head carried in the magnetic disk drive which is the fourth example of this invention. It consists of four 
elastic springs 130,13 1, 132,133 which support moving-part material so that a holddown member 110, the moving-part 
material 120, and the moving-part material 120 can motion relatively to a holddown member 1 10, and it is fixed at the' 
tip of a load arm like other jogging actuators described so far, and this jogging actuator is used. The elastic spring 
shown by 130 and 132 among four elastic springs has the structure where the spring constant of an parallel direction is 
larger than the spring constant of a perpendicular direction, to the movement direction of a load arm, and the elastic 
spring conversely shown by 131 and 133 has the structure where the spring constant of a perpendicular direction is 
smaller from the spring constant of an parallel direction. All of a holddown member, moving-part material, and four 
elastic springs are formed by processing the silicon which has silicon oxide on a top face using an etching technique, 
and the approach of etching is the same as the jogging actuator shown by drawing 1 . The coil 150,151 of the structure 
which carried out the laminating of York 140, 141 and copper which consist of an alloy of iron and nickel, and the 
polyimide, and the drawer electrode 170,171,172,173 which consists of copper are formed in the top face of a 
holddown member 1 10. Although York and a drawer electrode are formed on the holddown member using plating, they 
may not necessarily be plating and may be formed with a spatter or a vacuum deposition method. The soft magnetism 
film 160 which consists of an alloy of iron and nickel is formed in the top face of the moving-part material 120. 
Although this soft magnetism film is also formed on moving-part material using plating, you may not necessarily be 
plating and may form with a spatter or a vacuum deposition method. 

[0046] With the magnetic disk drive of this example as well as the first example, it is fixed to the rear face of the 
gimbal plate with which the top face of the holddown member of the jogging actuator shown by drawing 15 was 
formed at the tip of a load arm, and the slider which attached the magnetic head in the rear face of moving-part material 
is fixed. If it energizes in a coil 150 through electrodes 170 and 171, magnetic flux will occur in York 140, the soft 
magnetism film 160 can draw near to the direction in York 140, and, as a result, moving-part material will carry out 
relative motion clockwise to a holddown member. The reason moving-part material carries out movement near rotation 
has the anisotropy of a spring constant, as the elastic spring supporting moving-part material already stated, and it is 
because it is hard in the direction which carries out translational motion of the moving-part material and soft in the 
direction which makes moving-part material rotate. On the contrary, if it energizes in a coil 151 through electrodes 172 
and 173, magnetic flux will occur in York 141, the soft magnetism film 160 can draw near to the direction in York 141, 
and, as a result, moving-part material will carry out relative motion counterclockwise to a holddown member. It 
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becomes possible to move the magnetic head to a load arm by this actuation, so that the locational error of a load arm 
may be amended. 

[0047] It has the same effectiveness as the magnetic disk of the first example, and since the elastic spring supporting 
moving-part material has become four further, the magnetic disk drive of this example also becomes possible 
[ suppressing an unnecessary vibration of a perpendicular direction more to the migration side of moving-part 
material ]. 

[0048] Drawing 16 is the plan showing the structure of the jogging actuator for high precision positioning of the 
magnetic head carried in the magnetic disk drive which is the fifth example of this invention. It consists of four elastic 
springs 130,131,132,133 which support moving-part material so that a holddown member 1 10, the moving-part 
material 120, and the moving-part material 120 can motion relatively to a holddown member 1 10, and it is similarly 
fixed at the tip of a load arm, and this jogging actuator is used. The elastic spring shown by 130 and 132 among four 
elastic springs has the structure where the spring constant of an parallel direction is larger than the spring constant of a 
perpendicular direction, to the movement direction of a load arm, and the elastic spring conversely shown by 131 and 
133 has the structure where the spring constant of a perpendicular direction is smaller from the spring constant of an 
parallel direction. The formation approach of a holddown member, moving-part material, and four elastic springs is the 
same as that of the jogging actuator of drawing 15 . The coil 150,151,152,153 of the structure which carried out the 
laminating of York 140,141,142,143 and copper which consist of an alloy of iron and nickel, and the polyimide, and 
the drawer electrode 170,171,172,173 which consists of copper are formed in the top face of a holddown member 110. 
The electrode of coils 150 and 152 is an electrode 178, and coils 151 and 153 are connected with the electrode 179, 
respectively. Although York and a drawer electrode are formed on the holddown member using plating, they may not 
necessarily be plating and may be formed with a spatter or a vacuum deposition method. The soft magnetism film 
160,161,162,163 which consists of an alloy of iron and nickel is formed in the top face of the moving-part material 
120. Although this soft magnetism film is also formed on moving-part material using plating, you may not necessarily 
be plating and may form with a spatter or a vacuum deposition method. 

[0049] It is fixed to the rear face of a gimbal plate at which the top face of the holddown member of the jogging 
actuator shown by drawing 16 was formed at the tip of a load arm also with the magnetic disk drive of this example, 
and the slider which attached the magnetic head in the rear face of moving-part material is fixed. If it energizes in coils 
150 and 152 through electrodes 170 and 171, magnetic flux will occur in York 140 and 142, the soft magnetism film 
160 and 162 can draw near to the direction in York 140 and 142, respectively, and, as a result, moving-part material 
will carry out relative motion clockwise to a holddown member. On the contrary, if it energizes in coils 151 and 153 
through electrodes 172 and 173, magnetic flux will occur in York 141 and 143, the soft magnetism film 161 and 163 
can draw near to the direction in York 141 and 143, and, as a result, moving-part material will carry out relative motion 
counterclockwise to a holddown member. It becomes possible to move the magnetic head to a load arm by this 
actuation, so that the locational error of a load arm may be amended. 

[0050] It has the same effectiveness as the magnetic disk of the first example, and further, since the elastic spring 
supporting moving-part material has become four, the magnetic disk drive of this example as well as the case of the 
sixth example becomes possible [ suppressing an unnecessary vibration of a perpendicular direction more to the 
migration side of moving-part material ]. 

[0051] Drawing 17 is the plan showing the structure of the jogging actuator for high precision positioning of the 
magnetic head carried in the magnetic disk drive which is the sixth example of this invention. It consists of the ****** 
device sections 134 which support moving-part material so that a holddown member 1 10, the moving-part material 
120, and the moving-part material 120 can motion relatively to a holddown member 1 10, and it is similarly fixed at the 
tip of a load arm, and this jogging actuator is used. The formation approach of a holddown member, moving-part 
material, and the ****** device section is the same as that of the jogging actuator of drawing 15 . The coil 150,151 of 
the structure which carried out the laminating of York 140,141 and copper which consist of an alloy of iron and nickel, 
and the polyimide, and the drawer electrode 170,171,172,173 which consists of copper are formed in the top face of a 
holddown member 1 10. The method of forming York, a coil, and a drawer electrode is the same as the approach 
explained in other examples. The soft magnetism film 160 which consists of an alloy of iron and nickel is formed in the 
top face of the moving-part material 120. It is the same as the approach which also explained the method of forming 
this soft magnetism film in other examples. 

[0052] It is fixed to the rear face of a gimbal plate at which the top face of the holddown member of the jogging 
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actuator shown by drawing 17 was formed at the tip of a load arm also with the magnetic disk drive of this example, 
and the slider which attached the magnetic head in the rear face of moving-part material is fixed. If it energizes in a coil 
150 through electrodes 170 and 171, magnetic flux will occur in York 140, the soft magnetism film 160 can draw near 
to the direction in York 140, and, as a result, moving-part material will carry out relative motion clockwise to a 
holddown member. On the contrary, if it energizes in a coil 151 through electrodes 172 and 173, magnetic flux will 
occur in York 141, the soft magnetism film 160 can draw near to the direction in York 141, and, as a result, moving- 
part material will carry out relative motion counterclockwise to a holddown member. It becomes possible to move the 
magnetic head to a load arm by this actuation, so that the locational error of a load arm may be amended. 
[0053] In the magnetic disk drive of this example, not an elastic spring but the ****** device section is used as an 
approach supporting the moving-part material of a jogging actuator. Since the ****** device section can suppress more 
effectively vibration of moving-part material more nearly parallel to the movement direction of a load arm than an 
elastic spring, the magnetic disk drive of this example can realize more effectively effectiveness which oppresses 
vibration of the moving-part material accompanying movement of the load arm which the magnetic disk of the first 
example has. Of course, it can create according to other effectiveness which the first example has, i.e., the same 
approach as a semiconductor device, and the effectiveness that a jogging actuator can be driven by the low battery is 
saved as it is. 

[0054] In addition, although all the jogging actuators explained here form an electrode, a coil, and the soft-magnetism 
film on the member which consists of silicon and silicon oxide and are made, what processed the foil which may use as 
a member the compound of the copper, the nickel, stainless steel or nickel formed by plating, and iron, and consists of a 
compound of copper, nickel, stainless steel or nickel, and iron with etching or a press may be used. 
[0055] 

[Effect of the Invention] according to this invention ~ 3.5 It can drive with a power source with the low electrical 
potential difference usually carried in the magnetic disk drive using the magnetic disk of an inch, there is no vibration 
at the time of movement of the supporter material which supports a head, the jogging actuator for positioning of a 
rotation disk mold information storage device which can be formed by the same manufacture approach as a 
semiconductor device can be offered, and by it, the recording density of a rotation disk mold information storage device 
can be boiled markedly, and can make high. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 

3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which said information is memorized, The slider which said magnetic head is attached [ slider ] 
and makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on said magnetic disk It has the 
second actuator to which relative motion of said slider and said slider with which said magnetic head was attached to 
said load arm between said load arms is carried out. Said second actuator so that said moving-part material can motion 
relatively to the holddown member which has two or more electromagnets which consist of a coil and York, the 
moving-part material which has the soft magnetism film, and said holddown member The magnetic disk drive which 
consists of three elastic springs which support said moving-part material, and is characterized by at least one elastic 
spring having the property in which the parallel spring constant is larger than a vertical spring constant to the 
movement direction of said load arm among said three elastic springs. 

[Claim 2] Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which said information is memorized, The slider which said magnetic head is attached [ slider ] 
and makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on said magnetic disk It has the 
second actuator to which relative motion of said slider and said slider with which said magnetic head was attached to 
said load arm between said load arms is carried out. Said second actuator so that said moving-part material can motion 
relatively to the holddown member which has two or more electromagnets which consist of a coil and York, the 
moving-part material which has the soft magnetism film, and said holddown member The magnetic disk drive which 
consists of four or more elastic springs which support said moving-part material, and is characterized by two or more 
elastic springs having the property in which the parallel spring constant is larger than a vertical spring constant to the 
movement direction of said load arm among said four or more elastic springs. 

[Claim 3] Informational writing, the magnetic head which performs read-out, and the magnetic disk which has the 
magnetic medium with which said information is memorized, The slider which said magnetic head is attached [ slider ] 
and makes said magnetic head float on said magnetic disk, In the magnetic disk drive which has the load arm which 
supports said slider, and the first actuator for moving said load arm to the position on said magnetic disk It has the 
second actuator to which relative motion of said slider and said slider with which said magnetic head was attached to 
said load arm between said load arms is carried out. Said second actuator so that said moving-part material can motion 
relatively to the holddown member which has two or more electromagnets which consist of a coil and York, the 
moving-part material which has the soft magnetism film, and said holddown member The magnetic disk drive 
characterized by consisting of the one ****** device section which supports said moving-part material. 
[Claim 4] Informational writing, the head which performs read-out, and the rotation disk with which said information is 
memorized, In the rotation disk mold information storage device which has the supporter material which supports said 
head, and the first actuator for moving said supporter material to the position on said rotation disk It is the rotation disk 
mold information storage device with which it has the second actuator to which relative motion of said head is carried 
out to said supporter material between said heads and said supporter material, and said second actuator has a property 
according to claim 1, 2, or 3. 

[Claim 5] The magnetic disk drive by which said holddown member which said second actuator has has said two or 
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"more coils in claims 1, 2, or 3, and the electrode of said coil is electrically connected with the electrode arranged on 
said load arm with the detailed wire. 
. [Claim 6] The magnetic disk drive by which said holddown member which said second actuator has has said two or 
more coils in claims 1, 2, or 3, and the electrode of this coil is electrically connected with the electrode arranged on said 
load arm with low melting point metallic compounds. 

[Claim 7] The actuator with which said holddown member which said second actuator has, said moving-part material, 
said elastic spring, and said ****** device section use the compound of silicon, silicon oxide, stainless steel, nickel, 
and iron and nickel, and the ingredient of either of copper as a principal component in claims 1, 2, 3, or 4. 
[Claim 8] The manufacture approach of the actuator which consists of the process in which the manufacture approach 
of said second actuator forms the silicon oxide film on the surface of silicon in claims 1, 2, 3, or 4, the process which 
form the electrode layer which it becomes from copper or aluminum, the process which form the insulator layer which 
consists of polyimide, a photoresist, a metallic oxide, or metal nitriding ****, a process which form the soft-magnetism 
film with which it consists of a compound of iron or iron, and nickel and a process which process silicon and silicon 
oxide by etching. 

[Claim 9] The manufacture approach of an actuator that the manufacture approach of said second actuator consists of 
copper, nickel, stainless steel or iron, the process into which the compound of nickel is grown up with plating, the 
process which forms the insulator layer which it becomes from polyimide, a photoresist, a metallic oxide, or metal 
nitriding ****, a process which forms the electrode layer which consists of copper or aluminum, and a process which 
form the soft-magnetism film which consists of a compound of iron or iron, and nickel in claims 1, 2, 3, or 4 
[Claim 10] The manufacture approach of the actuator which consists of the process which processes the foil with which 
the manufacture approach of said second actuator consists of a compound of copper, nickel, stainless steel or iron, and 
nickel with etching or a press in claims 1, 2, 3, or 4, the process which form the insulator layer which consists of 
polyimide, a photoresist, a metallic oxide, or metal nitriding ****, a process which form the electrode layer which 
consists of copper or aluminum, and a process which form the soft-magnetism film which consists of a compound of 
iron or iron, and nickel. 



[Translation done.] 
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